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Fi9tJrtl．E触toltトA226VMutzItionon⊂HIKV｛FPVirtJSeS＾e．olbq）ktusand＾e．oegypdMidgutJnFedJY吋  

Per（entOforalレ‡n鱒ed＾e・0伽叩血s（A．B）andAeoegypd忙′D）mosquito萬PreSentedwithbloodmea（s⊂Ontainingvarious⊂OnαntTationofeGFP－  
exp†eSSin9⊂HtKvirtJSeSISeriatlOifoldditutioTYSOfyift）SeSlnthebadbbneofReunionlLR・GFP－226VandLR一石FP－226A）tA．qand37997（37997－GFP－  
226Aand37997－GFP－226V）（8．D）strain50f（HIKVwe－emadein L・15mediumfo1lowedbymixingthesampleswithdefibrinatedsheepbbod．  
Mo享quitoe～We陀di5～∝tdat7dpia鵬でGFP飲Pr日面ninin俺ddmidgubWa5ana桓dby仙ore；⊂enくemiの5（OPy．Åmo5q山bwas⊂On5はe柁d  
infected紆atJeastonefodofeGFP一モXPTeSSing⊂ellswaspresentinthemidgut．Theexperimentswereperfoml－edtwi⊂eforea（hvirusOand］l）．  
doi：10．1371乃Oumal．ppatOO302¢1〃001  

amount of LR－226A virus・LR－ApaI－226V and LR－226A dramatically more abundantin the heads of＾elaLb4icLtLS  

Vimses areindisLin訂1ishablein cell⊂ulture exp竺nmentS  

伊igⅦreS3）．Mix山一esofl－R一人palt226VandLR－226Aviruses  

WereOral！ypresentedtoJLe・aL叫icLu＄mQSquitoesinablood  

meal，andmidpts were examined at74pi・The relative  
amountofRNA′derivedf（om LR－ApaI－226Vinthemidgut  
Ce11sin⊂rea父d5・ワ±0・6times 鮎COmPared10山einitial  
relative amountofLR－Apal－226V RNAinthe b．lood meal  
SamPk（Fi即吟2町m亡父dぬSuPPOitourobservation血at  
theEl－A226Vmutalionenhancesin食ctivityofCHIKVfbr  
d叫南山mosquiloe5and山江hemoredemonstmte血at山e  
muta（ioりCOuIdprovideanevolutionaryadvantageoveT：El－  

226A▼ir那岱inanatァpi⊂al▼eCtOraridm叩haveperpetuated  
也e oⅦtbTeakin a■region where A＆dふ中立fM WaS the  

predominantanthropophilicmosquitospecies・   

TQ血廷血巾ed叫Ih鎚c【iY桓a∬血ted  
Wi山血eEl－A226Vmulationmayresultinmoree銃ciep【Viral  

disseminationintosecondaTY tissues，thekinetics ofviral  
dissemination by LR－GFP－226V and LR－GFPて226Ainto  

Salivary glands，and⊂OmPetitiorL between．LR－ApaI－226V  

anduし226Abrdissetninationinto mosquito hea血were  
analyzdd（Figure3A and3B）・LR－GFP－226VYims dissemi－  

natedmorerapidlyintoA阜戯坤お如Sa拘ゎglandsatall  
timepoints，Withasigni負cantdi鮎renceat7dpi（Ⅰ声礼044，  
Fisher’sexacttesl）・Simi1arly，inthreeoffburreplicatesof  

亡OmPetitionexperimenls，RNAftomLR－ApaI－226VviruS  

三◎二PLoSP血gen小w・Pl叩ath喝en～・Org  

mosquitoesascompared10RN＾fromLR－226A（Figure3B，  
linesl，3，4），al血oughinonereplicaL払ApaI－226VmAwas  

Onlyslightlymoreabundantascomparedtotheinitialviral  
RNAratio（Figure3B，line2）・Thisvariabilityoftheresults  
may be due to random pooling ofmosquito head＆muS，  

replicatetwomayhaveincludedmoreheadsnegativeforLR－  

Tab］el．Logl。01D5Jmlfor⊂川KVinA巳OlbopictusMosquitoe5  

8a（kbonモ b〆 Ⅵ川5  仙osqリ托○鮎 Log－。  P  

Anさl輝d■ oID5。±⊂ら5‘v血モ  

⊂H暮KR由nbnl tR一もFP三三之6V ∴∵∴習嶋 

しR－GF㌣之！触  l（）1  

】  LR．Gip．】26V 171  
しR－GFP－226A   9ユ  

⊂川R37錮プ 1  37997蔦FP一三妬Al封  

37997－GFP－ユヱ6V138  
之   37997・GFP－2ヱ6A l之9  

ユ7997－GFP－ユユ6V lミ6  

5‘ヰ8±0．ヱ3  

ちjoきゃカ  

3jl＋0，42  
！」妬±0ユ5† P＜0ニ01  
3，％±0二lユ  

0‖）知Valueiand⊂Onホderにei爪eⅣal5W併eQk山atedu如9P仲mb汁（Ⅵ汀～わnl．占31．  
■匝dmentnumk．  
bNu－¶krd岬q血ロe～u～dt06ポmさteb9，♪旧〟血  
勺5％⊂Onホden⊂亡inten伯15．  

doi：10．1】71伽Ur伯Lppat00‡0201」t001  
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－（A）a“ompetitbnbe加如叫トヱ飢刷‾Z2仏伽弼br伽n加叩Of  

lO7pfuofLR－Apaト22甜aHdLR－2ユ仏Were血dandor叫叩脚tedto血■伽p細目8）■山九嘲仰ヴ（q・伽tRNA5we代印融edfwnbur  
p叩l5q一句httotenlni勾Ubat．7dp暮．打一托Rpl鵬ud5峨、軸餞托dw托h中れ5eParatedinヱ％aga和5eg軋a鵬㌍k鵬柁泊編出戚喝細idium 
bromid七三ミ，・l与′  
M－i哺al・帽鯨qfLR袖水準鱒a血眼之26Ainせl00dmeal脚nPl餌．1て4帽伽Of血Apaトコαahq⊥舟追6▲納Ain龍一摘ep如d亘i頑鱒野鴎章桓・▲‥  

く∴  
eightto・t印・m出9リ蛭間ー印鮎率                                         て【 良品㌫示Le長一前扁高一ふ二主26VtoしR－226A≠■aS（akuL－tedas川tiobetween226Vard226AbaTdsintl℃SarnPte．diYidedbythecontroJr3tio  
betwモen之Z8Vさndi22‘Aid．仇モbbddmeaL  
Rel．tive伽ne，，（RF2）。fLR－226AtQLR－Apa－226VwasQkulatedasar3tiobetween226Aand2之6Vbandsinthesanple．diyiJed；to座｛6ム如ふi。J  
khveen226Aand226Vintkbl00dmeal．  
Re5ulbexp旧～d■astheave帽gモOf血リーreplka；±泊ndard（kviation（5D）・  
doi：10．1371和血糊l．ppatOOュ0201．g∝I2  

226AYin遁indicadng山at at血e＄e time points－LR‘2鮎A  
replic？teSmOrCe伍cicntlyin叩emO叫uitotissui5′・岬igure  
4B）・nissbd代periodortimemayh卸eaSliかe晩亡t、On●血e  
OYerallotitcome qf competition fbr disscThination，into  
s山i▼呵・かn血b亡亡auSe血erei5ar亡Ⅶne’sh汎in血eRNÅ  
mtiobetweemd叩富5and710WardLR－Ap濾▲226V▼ir心，Whi亡h  
COntihuesthrough’14dpi・ThesedataindicatethattheEl－  
A226V mutation ndLonlyincreasesmidgutih血cti寸ityt｝ut  
alsois2LSSOChtedwithJm6rce】阻cientviraldisseminationftom  

血emidgutinto紀¢On血けや聯m，SuggeSdng血at血eEト  
A226VmⅦtalionwo山d・increぉetmnsmi錮i最IityorCHIKVby  
力＝舶呼出由mosquitoe5■  

AcQm匹止血na弘叩址柑e亡nL＆Apaト豊6V叫LRr豊6A  
viru5e51押コ眉・山姥dtoexamille【m鮎mi5SionbγA乙α仏呼出鵬tO  

su⊂ui叩mice to aぉ甲山e potⅢ血1fb一触El－Å226V  
mutation toin恥e？Ce ViruSlransmissiom・＾e・al噂紬  

mosquItOe＄’・were ora11y presentedwith・amixture ofLR－  
ApaI－226VandL軋226＾viruSeSandat14dpiwere出lowedto  
鱒edonsu亡klingmice．Miee☆eresacriBcedandbled・Onday3  
払1lowl咤expo5ureand血epre5印⊂eOfCHIRVRNAin山上  
blood wasinalyzed by、RT－PCR fbllowed by restriction 
digesliohWith坤Ⅰ伊isur乍5B）・BloodobtainedfromlOO％  
ofexperimentalmicecontaineddetectibleamountsofviral  

Deくember2007lVolume】l】5SUe12ldOl  

Apaト226V relative to hea血po§iti▼e hr LR－226A RN九  
Another possibilityis that at some poi血t during viril  
dis5emination如m血e midgut5into mosquitohea由，・LR－  
226A m野rePlicate more rapidly thazILR－ApaI－226V・To  
如rtherinve＄tigatethisJelationship，A乙坤LtLSTnOSqlIito缶  

wereorallypresentedwitheitherLR－Apal－226VorLR－226A  
and whole mo5quito body Yir山titers were亡Ompared al  
dif撫renttimcpoint＄Pi・SurprLSIngly・nOSigniLcantdif托ー－  
en⊂eSbetweenviraltiterswerefound，With・theexceptlOnOfl  
dpi，Where theLR－Apal－226Vliterwas O・5b如tisよ－飴  
Culture■in鎚ctiol遁dose餓匹托enlend point titer（b帥  
TCID50Imosqllito）higherthnoftheLR－226Atiler（Figure  
叫丁址＝鱒り止血止虻＝山肌ゾ鱒巾ntc血什iml；nhdA乙  
dゆ如mid騨bbyrLR－ApaI－226V・neabsenceorsigni丘－  
cantdi蝕rencesin▼iRltitersatlatertimepointsmaybcd  

（O Yariationin Yiraltiters amoAgindividual血）Sq111tOeS・ 
Compqtition between LR†ApaI－226V・ahd LR－226A was  
analyzedatdi鮎rentLimepo］ntSinordertoinvestigatethe  
relationshipbeⅣeenrePlicationofLR－ApaI－226VarIdLR－  
226A virusesin＾e・aLbqPicLw mosquitoes伊isure4B）・As  
expecte亀山eviralRNA什om LR一人paI－226Vwasrpredom－  
inantattheearlytimepointsofland3dpi・Inte二restlngly・  
be【Ween3and5dpithe▼iralRNAratioshiftedtowardLR－  

喝：pLoSP8th叩∩～lw…・Plospathogens・Org  1898  
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Fi9u帽「3i臓tofEト点26VMub血non（川ⅣDiiSemi伯血ninto5a恥叩Gb鵬sa鵬Head～OfAe・鵬郎血一＝nd血〃聯〟…05quitoes  
血d伽p血i∫（恒nd此咽仰げ（qmo封叫托∝5鵬柁0叫抽d細雨血LR←GFP一芸沌VandLRヱGFP一辺肌At舶indkatd血el卵i晦1㌻21  
m呵叫○銭We佗dk5eddand5aI吋叩gland5Wereana桓edbreGFP既P旧Si肌Per⊂entOfdissem血tionwa5e頭matdasa帽ti90fthe一瓶mberdf  
mo叩Ii鱒甲W仙モGFP－PO5itivesal痛け9暮and5tOthenu－れ腱rofmo享quぬ申W仙eGFP－叩Sid鵬mid如t5，Fdrl舶〃J廟仙がnkdIo鵬心l加旭二桁由Iti憮帽 
We－e5・95■ndる・52L呵－J⊂旧〟叫如u屯FP－∑貼Vl佃dL打電FP－2ヱ仏陀叩亡tiv吋・Fo一飯〃吻打thein柊di。u5bl血d、、mモ紬畢、：餉i6．95  
しoglJqDio／mlforbothLR＜FP－216Vandul｛FP－226AvirtJSeS・Dissemin3tionrateswere⊂OrnParedstatkti（叫byFisP的＼由甲：Te響こus軸SPSS 
Ⅵ椚緑川11j．A～teri5kindiQte～P＜0，05．  いⅦ  ′バ 
（8adD）⊂0ホ匹titi加地血e椚■LR－Apiト近餅叫鱒2享6Aゎーdis詑mi鵬血nint。headso一也α叫p血∫叫く一帖ム紳輔osquitoei．1坤碑ず血  
Apaト近6V訓Ⅶ‖J－226Awe陀mixdandora呼p繕如t細to血〃鵬叩血∫期and舶用吻御用町愉腑剛心血繭沌鵬血由職誼・ぬdr匝桔準徹せ  
k由～⊂01l∝tdat12dpi・町一花Rpr鵬u⊂bwereく晦6tedwithApれ5ePa帽tedin2％agar05egel．andgモkwere～t抽出′臆均さ蛮hidiui㈹細流idd．  
BM－initiaJratioofLR－ApaL－226VandLR－226Ainbl00dmealsamp（es・14ratioofしRTApaト226VandしR－226A：RNAinfourindependentrep■kasofthe  
伽ep叫再k加筆ゝPer一号Ptiq・ 
doi：用・1371布舶壷Lppa†．（ね3020t9∞3  ／  

RNA，indicatingthatviruSWチStrahsmittedbyJlel呵icLus  
mosqul10eStOShtklingmice・Moreimportantly，inal1sixmice  
analyzed，RNA．d町i▼寧dfrom－LR－Ap叶226Vwasthepredom－  
inantviralRNAspecieslindicatingthatunderthe⊂Onditions  

Of亡OmPetilionfor transmission，the El－A2知V mutation  

directlyincfeases CHIKV franSmissioh by Ae・示叫icLtLS  
mosqultOeS・Inleresting】y，in山econtrolexp甲mentimwhich  

mic亡WereSubⅢhneou51yinoく山ated 
miⅩture．OfLR－Apal－226VandLR－226AviruSeS，RNAsfrom  

bothvimses were readily detected and no difference．was  

Observedin．theviralRNAratio3dpi（Figure5A）indicating  

thatatleastinmice，El－・A226Visnotassociatedwithd這  

inviral負tne5£  

EfFedofEIA226VMutationnFitn6ssof⊂HtKVin  

Ae・q卿〟叫Squitoes   

SincetheEl－A2箪6Vmutatibncon鎚rsa丘tnessadvant且gein  
血d坤血叫ノitね．unknownwhy山is．mutati叩hadnotbeen  

ObseTVedpreyiously・Itispo毎iblethatthisch？ngemighthave  
a del叩頭ou5e恥⊂t On Viral丘tnes5in山e vertd）巧te hosl，  

al血oughourd担Of中托くtCOmPe山ion orLRヰP山一226V  
andLR－226Aviiusesinsu⊂klingmi⊂e（Figure5A）andanalysis  
Of CHIKV cellular tropISm Of fbur clini⊂alisolates from  

Reunion（WhichhaveeitherAorVatpositionEIT226）［14L  
SuggeStthatthi＄isunlikely・Analternativehypothesisisthat  

藩pLo5Pathog叫wwゆ叩athogens・叩  

the El－＾226V mu【ationmigh＝ompromise the飢hes＄Of  

CHⅨVorhaveheutral丘tnesse鮎ctsinthemosquitospecies  

WhichservedasavectorforCHIKVpriortoitsemer＄enCeOn  

Reunionisland・Since＾e・aemLihasgenerallybeenregarded  

asthemainvectorfbrCHIKVpridrtotheemergen⊂eOn  
Reunionisland，We analyzed the efrect ofthe El－Å226V  
mutaiionon丘tr！eSSOfCHIKVin＾eL喝押ti・  
In contra5t tO the results obtainedin血d坤正加  

mosquitoes，OrD50ValuesofvimsesCOntalnlngtheEl－226V  

inthebackboneoftheReunionand37997strainsofCHⅨV  
WereaPPrOXi叩atelナ0・5Ⅰヵg100IDJmlhigherthantheOID50  

valuesofh－226AviruSeSinal1experimentsusing＾eL昭炒ti・  

ThesedifferenceswerestaListical1ysigni負cantforoneoutof  

tworeplicatesforeachviruSPair（FigurelCandlD；Tible2）．  
Acompetitionassay’eXamining．LR－ApaI－226VandLR－226A  

Virusinfeclionim＾eL昭押Iimid訃ItS，demonstratedthatLR－  

226AviruSOuトCOmPetedLR－ApaI－226VviruSat7dpiiniLl  
fburreplicatesuslngtenm．idgtltSPerrePlicateandthatthe  

amountofLR－226ARNAincreasedonaverage3・1timesas  
COmParedtoth？initialbloodmealRNAralio（Figtlre2C）・  

Thesedalas11ggeStthattheEl－A226Vmll【ationhasaslight  

negativeeffectonCHIKVinfeciivityof＾e．嘲timidguts．   
The effect ofthe El－A226V m11tation on the ability of  

CHIKVtodisseminateintojl乙嘲Iisecondaryorganswas  
alsoanalyzed（Figure3Cand3D）．LR－GFP二226VandLR－GFP一  

9  晩⊂ember2007】Voh∬ne3tl55Uモ12le201  189  
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榊～納－tこ 

既認諾忠霊笠蒜墨絵。血6Ainbl血meal叫魅．           こ、 
between226Vard226Ain■trYebkdrTleal、ResLJLtse叩reSSedasaYe－ageOftworepJkas±standardde血tion・  l  

doと10．1371如r伯Lppat0030201劇脚 

226A▼iruさ亡Sbothhユ▼eSimilarkimeti⊂SO一心s父minationinto  

Sdiva叩gl尋n血b1lowl叩○－alin氏ction u5ing dtenト2  
Log10TCIDso high亡r thln d］Cir OID50Ylluein＾L山電炒Ei  
（Figur撃卑C）・ItltCOmP画一io轟2LSSay，．both岬TAp叫－2豆6Vand  
LR－226＾iiruSeSdissemina（edsimi1irlyiniothiheadsofJl＆  
嘲‘拍ho・吋burrepli血，山肌Wお 
山erela山車a甲OunI？fIR－■226AI雨Å（Fi卯代印，1inesl，4）；  
Whe－e弘也芦0血ertw？、repli〔お血owedade亡rea5eimLR－226A  
mA（Figure2D，1in亡S2，乳代h血合・tO血eipitialraとioo一昨  

RNAofL札止paI－226VふdノLR－226AYin遁云in血ebl00d  
me止Acomp車IionorLR－ÅpaI－226VandLR－226AYir甲eS  
fortTan章missionby血嘲Eitqsu〔klingmicewasralid  
analyヱed（F卸re5C）・Inconl聖ttO tranSmissibn．by．LAel  
dあゅむ叫一爪OS頑to？S，丘Ye二OutOfsk血ice鎚d坤0頼γJk  
嘲Iicbntaipedcompir3bleamouhtSOfRNAderiYedhm  
bo血viホe£ 

山地血中申車軸岬6V－  

El－A2ヱ6VMutationModulates｛hof由teroトDependen⊂e  
of⊂HIw  
Ithasbeinpreviou51ysh珊n・血taP→Smut血血in 

Sam亡El－226posilionofSFVr亡1eases⊂hoIcsteroldep亡ndcn⊂e  
oftheJiruSinC6／56⊂e11i［33］抽drムsultsinsigni鮎血吋more  

Pidgrow血orSFVin 
1ntrathorad⊂inoedition［34］．ToddeTrnilleifareqllireineht  
forcholestirolihthecell血embraneisimportantforCⅢKV，  
weanal㌍edcb0le別電mldepeIldence．ofCHIKVEト226Aand  

勒PPSP訳h呼n5tW…・Pbspath叩nS・○－g  

irIl？と1）し       ∴、T ∴■▲： 二  

一 ン∵㌣う；t・J．一♪．1‰、さしit′・  

・i  

ぬn血rd抑％和S（F和一e叫．Howeverふ喧湖轟魂笹扁  
depleled。f血。lふt。．。1，m226Åand3799ラー226克くYぜir血色s  
repli⊂ated．signiぬntly more 

． 

a11・2and3dpi・伊卸㌍6恥neseぬhiん臆叫血l 
亭血p仏tiomofCH奴VtoJk戯坤立山血os甲ito亡SCOintides  
wi血CHIKVdependenceon・Choleste－Olin the ta曙elcell  
m亡mbrame．   

DisくuS事ion   

TheCHIKVoutbreakinRe11nioni＄unlquebeciuseitisthe  
色相lwelトdocumeptedrepor【or叩alpha▼in追0叫tbreakbr  
which血坤如wastbemainveclふr・Ihteresli噌y，血iswぉ  

also血e丘円IChikungunya epidemic du品g・壷おicll鉛血  
inftctiopswcrereportidOurdat3Clearlyindぬtimitaや  
El＿A226VmuhtiohinCHⅨVres山bini血ーぬ虔d二丘tne誌of  
CHIKVinJle、坤m呵ヤtoeswith鵬speet（d鵬卸t  

in如tivity．．曲s血ination10’血e古山iv”γ再組曲Jandlm聖・  
missiontoiYe正ebratespeci由・・Thesedatademon51rate血ala  
si喝k ElこA226V mutatiムnis su路⊂ient to－dr温血atically  
in⊂reaSetheabilityofdi蝕reritstrainsofCHIKVtoin知t  
＾el坤tusmo＄qtliLムesahd事thaLthissubslitutionrequiresno  

＼  

恥⊂ember2007lV0lume封t～SUe12le201   1900  

86  



⊂hikungunyaMutationA触砧Ve亡【orSpe⊂i月dり  

Figure5・Effe⊂tOfEl－A226VMutationon⊂HIKVTransmissk）nbyAe．0／鮎pkrusandAe．oegypdMosquitoes  

（A）5ix2－t03－day－Oldsu⊂klingmke（SwissWebster）were～UbくUtaneOUS］yjnfettedwitha20－PlmixtuTeOf～25pfuしR－Apa－216Vand～25phofLR一  
之26Aviru5is．  

（B▲andqAe・OeWPtiandAe・Otbop血JSrTlOSqUito6WerePre5entedwithabbodTTleal（OntainirqlO7pfu／rTllofL？－Apa－226VandlO7pfuhllofLRT226A  
VirtJSeS・At13dpi；tentO15mosquitoe5WerePla⊂edinseparatepaper⊂artOnSardstarvedfor24h．Thenextday；thernosquitoesinea⊂hcartonwere  
Pre5entdw肘－a2－tO31by・つM′5U⊂kli咽mOu～e（SwissWeb5teけ  
∫、 仙cewerereturnedtotheircageJandsa⊂枇edonday3post－eXPOSure・Bl。Odfromea⊂hindividuaトmouse（犀50pJ）w築亡毒喧桓早世m南極餌  
mixedwith450ドlofTRk0lreagモntforRNAe火口dion．  
8Mandin∝・－initialratioofLR－Apal－226V3ndLR－226Ainbloodmealsamp（esandin∝Ulumforsub（Utah軸uSinfbction．1ii6ritiobft：RiA再ト226Vtand  
しR－22GARNAin諭＝ndわiduもImi⊂e．  
doi：10．1371小Umal．ppat．0030201．gOO5   

additionaladaptive muLatioTIS tO galnintermolecularcom－  

Patibility・These complitTlentary eXPerimenLaldata demon－  

stratethata5ingle mutation 

inft⊂tivityforaspecificvectorspeciesandasaconsequence，  

CanfuelanepidemicinaregionthatlaeksLhetypicalvector・  
Theseobservationsprovidethebasisforanexphnationof  
theobservedTLaPidshiflamongCHIKVgenotypestoviruSeS  

COntalnlngthe El－A226V mutation during the Reunion  

O11tbreak【32】．  

Interestingly，Our data and data from previous studies  

【36，37】indicate that prior to acquiringlhe El－A226V  
mutat阜On，CHIRVis capable of producing high enough  
Viremi争inhumanstoef五cientlyinfect＾e・albpfic血mosqui－  
toes・One explanation of the evolutionary fbrce which  
allowedCHIKVtobeselectedsorapidlyintoaCHIKVstrain  

whichis adapted to＾乙坤Pic叫isthat theiヮ⊂reaSed  
inftctivity（lowerOID50）ofCHIKVEl－A226Vmutantsfor＾e．  

albq？ic加meansthatthehumanviremicthresholdsrequired  
申rJle・aL噂ic如infectionwoulヰ1ikelYOCCurearlierandbe  
SuStaitledforlonger・Severalrecent studiesindicatethat  

duringthecourseofhumanviremialWhichlastupto6days，  
CHIKVloadscanreachupto3・3xlO9RNA⊂OPleSPermlof  
theblood［38，39］，Whichcorrespondsto6－7bglOTCID50Imi  
【39］・Earlier stlldies that utilized a suckling・mOuSe brain  

titrationprotocol，Whichismoresensitivethantitrationon  

Vero cells，alsofoundthathtlmanVirerniaoftenexceeded6  

LoglOSMICLD50／0・D2ml［40］・Based on viremia studiesin  

rhesusmonkeysthat⊂andevelopupto7・5LogJmlif2LSSayed  
bysucklingmicebraintitrationt41］andamaximumviremia i  

勒PLoSPa叫叫w…小叩aihogen～明  

し 

ofo叫5．5bgl。／mlbasedoふ侮m由1、iitふti抽【4礼▲叩  

belie▼e【hat vi－emiasin hm坤㌢Wbuid．、益f珪1鮒1id6斗  

bg．。TCID，。／ml．From these血らヰe≡C靂≠基＼t幅．ヰ；  

maximumviru5loadwhich⊂an bcachievedihhu血anbl00d  
isl－2l・Og10TCID50ImlhigherthntheLo紬0事D謎鴎1  

226A viruSeS but3－4Log10TCID50Imlhigher血arr thc  
bg100ID50Jmlfbr El－226V扇m5eS・Dudng血e co山門e Or  

ViremiathereshouldtherefoTebeasub＄tantialtimeframein  

WhichCHIKVbloodloadishighenoughforEl－226VviruSeS  

toin良ctA＆dみ中正おbutbelow血e▲血resholdfbrin托c【ion  

TaI）1e2・LoglOOID50／nl†for⊂HIKVinAelOPgyPd州05qUitoes  

鮎他州せ 叫■Ⅵ川S  鵬osquit他L叫，。   p  

▲桐l輝細b otD5J±⊂ら㌔V■tU亡  

⊂H朕R由∩わn l▲  Ul・GFR－226V 一 石5  
LR－GFト之26A lO｝  6．12王0ユ8  

・氏26±OjO へ pく0．05   

5月ユ±8jユ   53  

⊂HIK37997 1  37労7」GFPモ26A l石1  
】7づけ7・GFP－226V162  

ヱ ト ユ7，タフ詭坪‡126A†136  
37997rGFP－2ユ6V127  

麦芽董弛 ’p之軸1  
659±Ojヰ  

6jヰ±0ユ9  

功DiOValuesand⊂Onfide∝亡int亡Ⅳa桓W駅⊂al叫btdu如g印Pmbit（Ver～ionlぷ】．  
■叫rimentnumh訂．  
～umb訂Ofm05画toe5u～由一oe畑mteL叩、。OID，ノ鵬  
勺i％くOn蝕kl忙e蔓∩輌Ii  

doた10．1】71ノわurnaLppat0038201Jt002  
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missione伍ciencysimplybe⊂auSefewcrmosqultOeSSurVive  
longenoughtotransmitth亡Virus・   

O11rCurrentStudiesdonotprovidedata10Pdetermineif  

d鹿emination、9銀fien⊂y O一山e Elゼ26V扇叩鮎into山亡  
Salivaryghndsisa COnSeqllenCe Ofmorec飴cientmidgⅦt  
inf≠⊂tivityor廷thesetworphenome甲areindependenl・In  
thisre騨fd－itwiubeofparticulari血eresttoinvcsligatethe  
e恥ctoftheEl－A226Vmut飢iononCHIKVtransmissionby  
Orallァorintrathoracical1yinftcled＾e・al叫icLwmosquitoes・   

AlthollghtheCHIKVEl－A226VmutationglVeSaSelcctiYe  

adYantageinJk劇叫血血，山e†∈WおnOtaCO汀翁pOndi喝  
advantageinA＆喝好一ineOID由andmid騨＝ompetilion 
甲甲y血也ihdicate・thatEト226V扇r心eSV年代Sligh叫1飴S  
in鎚ctiou5hr 

IC，lD，and2C；Table2）・Additional1y，in⊂OntraLSt tO＾e．  

坤叫El‘226Vdmsesdomolha叩adete亡tableadⅧnlage  
fordisseminationintosalivaryglandsandheadsof＾e・aeWti・  

IntraLnSmissio血⊂qmPetitionexperimehLsfrom＾eaew混to  

SuCklin＄mice，El－226V conftrred a slighlcompetitive  

advantage over El－226＾（Fi訂Ire5C）・However，Bve outof  

SixmiceexposedtoCHIKVihLtcted＾e嘲LLhadeqtlivalent  
amo仙tふ○†bdlEl－226Aind El・2呈6V vi血RNA＆T血  
results are markedly difftrent compared to the results  

Obtainedinsim血rexped血enbusi【lgA乙‘ゆ申立血∫mO門ui・  

toesandh一山ersupporl血ehypo山田誌血at血kEl－A226V  

W2LSSPeCi丘ca11yselectedasaresultofadaptalionofCHIKVto  

加‥舶ゆ加d mo§quitoe＄・To explain the5mall丘t甲SS  

advantage aLSSOCiatedwiththe‘El－A226V mutation which  

wasobs亡rYedtin▼tranSmissiorleXPeriments，・yehypothesi2e  
血叫Similarlyto血坤如ちEl⊥226Aa叫別－226V扇ms倒  
colonizedi蝕renlAよ嘲do†gam虹鱒－ente托c阜emcies・ 

Eト226Aappears10COlonizemidg根上e11sdf・血喝押ばbelter  
thanEl－226VviruSeS；however，fbllowingdisseminationinto  

salivaヮgland5，山e Eト226V vims伊1nS anよdyantag9hr  
lranSmis5ion to▼ertebrate5．   

The El－A226V muはIiom wぉhund to h鱒e a Sligh叫  

negatlVeeffktoninftctivity，anegligiblee触tondis鱒m－  
inaLion，but a slight positive e鮎ct on transmissibilityof 
CHIKVby血嘲‘iin血e com野山tion expedmenL Wi  
5uggeSt血at these small（a5＋（Ompa代d withノk血路喀血可  
dif托rencesaLSSO（：iatedwiththeEl－A226Vmutationwouldnく）t  

besu餓cient【oha▼eaSignifkante蝕ctontheevollltionor  
CHⅨV transmitted by＾eL嘲tiandwo111d notresuItin  
a（C叫IationofLhismuta（ionintheregionswhere＾e・嘲d  

servesasaprlmaryVe〔tOrfbrCHⅨV・nismayexplainthe  
la亡k ofemergence o一山e El－226V gemotypein preYiou5  

0uLbreaksandthepredominanceofEl－226AviruSeSduring  
the2006CHIKVepidemicinIndia，inwhichA乙喝沖Liis  

ちOnSi4eredtobethemainvectorspecieミP4】・Adaptationof 
＾fricansLrainsofCHIKVfromforestdwellingmosqultOeS  

SPe⊂iesto＾eld喀炒Lihasneverbeenshowntobeassociated  
Wi血狙ypardc血山iQnも山手ー亡由一ew¢如Ii∈Y¢that山e  
samenegativeimpactofEl－A226VwouldbeseeninAfr  
mosqultqVeCtOr＄Whichwereresponsiblefor（ranSmissionof  
CHⅨVslrainsan⊂申tr山toReunionk01ateキ   

Our daはdoe5nOt eXClude the po5Sibil坤血at血e El－  
A226V mutationmight have a negative efftc10Pthe  
evolution ofCHIKV transmitted byAe・aq押ti・Since our  
dissemimtionandtransmissionstudieswereperformedusing  
bloodmealtitersthatwerel－2LogIoTCrD50／mihigherthan  
b帥0ID即Jml▼alueswesuggest血althene㌍liveef托ctof  
dq＝reaLSedmidgutinfictiYity ofEl－A226V on YiruS LranS－  
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0  12  2▲  ：膵   411 相  丁之  
hpi  

円9u帽・0．」旗¢OfEトA2加Y岬叫声tion印加伽G和Wtho†⊂H一灯in  
Sta鵬a材■㈹idd’⊂hd由良ねト振♭舶（8）⊂〟3‘七itk  

⊂bk5短巾l式k幽醐q皇指さ償脂we曙やmdu∈dわy晶佗■Pお泊ge亨in十15  
medi叩100nt扇nin91椚もF8S廿eatedw托h2％⊂A8－○・引Ib－12hat－r00m  
tem叩加aS P血ou～りd改ポ加d【52l・⊂0∩“uent†nOnOl叩e汚Of  
5也ndad仏）ぉ山とhok虞emト｛kpIdd（8）⊂6乃石＿αllswe陀inkddw托h  
LR－Apaト22叫．u一辺帆コア997一刀8Aand37卵7－2ヱ‘VⅥm56・atan仙即  
ofl．0㈹馳榔紬‘MOlわー宴Oil曲泊地山料さwaihedth帽eポmes山裾lし1S  

血thモi崗融t抽出′画如n俺db吋三軋5mIポー鱒仙血山由陀醐  
and虞01モd■‘it一・即？℃br血te√．鮫帽tbn o巾Vem、由れゝⅥ帽暮tit耶are  
e細mat細as卸eP押｝k吋1抑D〟m暮±鋤呵ad血Ⅳ中軸oftwo  
irdepend鐘nt句中せ再騰他．  
hpi－h011汚申出t二hf細札  
doi：10．1371伽り爪aL叩at00ユ8201．g∝略 

wi血El－226A Yiれ掛路∴¶姉トimcre甲ed oppor如nity鈷r A乙  

dあゅ仕lぴinfと亡如n，WOulヰp9呼e叫alelbe・さele⊂tion and  

transmissionofLhe mutantviru5．   

During trammission competilion a5SayS，Only’Eト2皇16V  

Vir鮎Wa5tranSmitled10SuCkli－堰mice t？y A乙d坤叫，  

althoughinthe＄eeXPerimenlsjtiter＄OfEl－226VaLndEl－226＾  

viruSeSWereOfa桓由enough叩？gnitudetoallowbothof  
these▼imsestodRdentlyi血tthismos甲11tOe＄SPeCies・This  

indicatesthatthere are addilionalmechanismsthat could  

ensu托eV0lutioma15u⊂亡e＄O一山e El－A226V▼iru且七忠＿trmS－  

mittedbyA乙伸也．Itkpoぉible血oeof血供e  

mecha血kmk牢細くiatedwi血mbre亡伍毎山心おeminadon  

o一山eEl－226V鮎〔○叩pardw仙El－226Aヤin桝＄・mk⊂Ould  
Shortentheextrinsiぐincubationperiod伊Ⅳトthetimefrom  

mo叩1tO・infb亡tibmto tr8mmi5Sion▲－andcduld＼have con－  

tributedto也e′eiolution叩SuC亡e∬OfCHⅨVduring山e  
Reunionolltbreakbe亡auSeVe亡tOrSinfectedwiththeLR－226V  

viruswouldtm鮎mititmorequi⊂uy血an血oseih鎚ctedwi血  

LR－226A vimses．Addilional1y，with relatiYely shohこIived  

Veくtム柑Suくhasmosq叫OeSけ孔lo叩打ⅢPsreduce 
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equineenfePhahtisvirusNEEV）andeasterneuineenc－  
Phalitis vlruS（EEEV），WhidlShow signi負cantlntra－Straln  
Variationatpo＄itionEl－226amongnaturalisolatesofLhese  
ViruSeS，anddetermine mutationswhichcan modulatetheir  

Cholesteroldependence・InrecentstudiesbYKolokoltsovet  
al・【46】，itwassuggesled・thatVEEV，aNewworldalphaviruS．  
mightbecholesterolindependent，altho11ghthe11SeOfVero  

⊂e11sinsteadofC6136cells・andtheuseofdifrerentpro（OCOIs  

forcellmembrane（holesteroldepletion，makeitdifRcultto  

〔Ompare山eresultso一山isstu中Witho11一色ndings・Åkoit  
would be of interest to determine possible relationships 
betweenmulationswhichmodulatecholesteroldependen云e  
OfalphavirusesothertharlCHIKVandontheirinfectivityfor  

血d研一iand血d頓知m5quitoesandpe血apsother  
epidemi0）ogi⊂allyimportantmosqui10VeC10rS・   

Themolecularmechani5mSreSPOnSiblefortheassociation  
between・host rangeandcholesteroldependenceofCHIKV  
areunknown［47］・IthasbeerLPrOPOSedtha（uponexposure  
tolowpH．theElproteinofd101es（eror－dependentYimses  
senses the target membrane lipid composition and goes 

throughacholesterol－dependentprlmlngreCOgnltlOnreaC－  
tion【48】whichisnotrequired払f亡holestefoI一山d隼e臨d蝕t  

▼iruses・IlispossiblethatCHIKVin托cbA乙嘲‘iandA乙  
alb少icttwmidgut cells using di蝕rent endocytic pathways，  

whichtarsetsvirus tocellularcompartmentswi血different  
lipidcontentsinwhichfusion∝CurS・SpcciAclipidssuchas  

Cholesterolmay dif托rential1y afftctfusion ofcholesterol－  

dependemtandcholesteroトilndepende 
山ese亡Ompa－1mentS and血erebTe血触i．tb亀OutCO叩tOf  
inLection・Althollgh our observ3（ions are suggeslive、mOre  

comprehensivestudiesshouldbecomple鱒to 
exa亡tmOlecularTne⊂haLnismsresponsibIさfbrpem吋ati6n¢t  
El－226ÅandEl－226Vvir心eSinto加・喝沖Jiand・加減呵鱒血  
ce11s．   

Althoughpreviouslaboratorystlldieshavedem9nStra【eヰ  
susceptibility・Of＾e．aaqpicLustoCHIXVinftction【36，37】，Ou；  

data demonslratethat the El－Å226V mutatidn promoted  

inLt⊂tion and acceleraled dissemination of CHIKVinL＾e．  

aL坤icbs mosq11itoes and conferTed a se）ective ad‘antage  

over●inEtctionofJlelaq＃tiWhilstthemutationdidnot  
increzLSethe m2LXimumviraltiterattainableinthe mosqul－  
toes，thesynergisticeffectsofincrea5edinfectivityandfaster  

disseminationoftheEl－A226VviruSin＾e，aLbppicLuwould  
acceleratevirじS tran5mis5ion10a naivebumanpopulation  

Whi⊂hwouldhaveconlrib11tedtoinitiatlngandsustainingthe  

2005－2006CHIKVepidemiconReunionishnd・Thataslngle  
amino a亡id change can act through m111tiple phenotypIC  
effectsto’createanepidemicsit11ationhasimplicationsfbr  
Other arthropod－tranSmittedviruSeS and the evol11tion of  

humanih良ctidu孟diie鮎es【49】．  

missibilitY・wotlld be almost completelymissed，Simply  
because．undirthis condition，almost100％ofmosqultOeS  
COuldbecqmeinfe⊂ted・Ingeneral，CHIKVrequlreSSigni丘一  
Cantlyhigherblood meaJtitersforinfectionof＾乙嘲ti  
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evolutionofCHIKVtransmitLedby＾eL嘲Li，COmParedto  
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El－226AviruSeSfortransmissiontosucklingmice・TheT－eforc，  
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血亡minoT neg叫匝e e鮎ct oiEl－226A obser陀din tmns－  
mi5SionexperimentsbyJle・明珍ticanbecompensatedforb†  
moree銀⊂ien（Viralrepli亡ationintheveTtebratehosL，leading  
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ワ亡l亡・H叩印mPmOnOftkd肪mt亡触bdAorV 
residuesatpositionEl・－2260nCHIKVinfectivityfbr，and  
trnsmissionbyAe・嘲Iiand＾e・aLbqpicLtLSmOSquiLoesclearly  
SuggeSb山alpolymorphismsat血kpositionmaydetermine  
thehos（rangeofthealphaviruSeSandmayplayanimportanl  

mlein adaptationof山evimses to a pa∫tic11lar mosqultO  

VeCtOr．   

Aninterestlng Obsemtion，Which should be studiedin  

moredeはil，Wお山atadapt山iomorCHIKVtoA乙坤餌  

mosquitoescoin⊂idedwiththea⊂qulSltlOnOfCHIKVdepend－  
ence on d10leskrOlin山eは巧e【membrane・It ha5been  
preYiou51yshown血atvadou5mutationsin山esamereglOn  
OftheEIproteinofSrvandSindbisviruSrCanmOdulalethe  
⊂holesteroldependenceoftheseviruSeS［33，45］andthat．SFV  
independence from cholesteroIcoin⊂ides vith more hpid  
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Choles（erOl－dependenlLR－ApaI－226Visfo1lowedbyrelatively  
mor8rap適評OW山of cbl鵬er0l－in‘kpモndぢnt LR r氾6A  

ViruSin mosquito bodiesbetween3and5dpi（Figure4B）・  

Threeto5dpi⊂OincideswithviruSeSCaPefromthemosqul10  
mid訂l【・   

Alignmentofamihoacidsequencesthatconstitutetheti  
loopofEIproteinfromdifferentmembersofthealphvi－  
rusesgenusrevealedthatpositionEl－226is notconserved  
（P3】and data not shown）and can vary even betw三毛n  
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Methods   
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嘩n8mkl亡CeSSionnumb亡rEU2242鴫http‥仙ww・nCbi・山m・nih・卵VJ  
G亡nbankJindex．html）andGFP－eXPT：eSSil嘔LhllT）ength亡loneLR－GFP1  
226V．（CHIK－LR5－GFP，GenBanka亡CeおionnumberEU224269）血ve  
beenpreYiousIYdes⊂ribed【15，35］・Thephsmids37997－226A（PCHIK－  
379g7ic，G亡nBanka⊂⊂亡おionnumb亡rEU224270）印⊂Odi鴫hll－1d－g血  
inEectious⊂lonesoftheWes（A打icanstrainofCHlXV37997anda  
GFP－eXPreSSing thll－1ensth clone379g7－GFP－226A（PCHIK－37997－  
5GFP，Gen恥nk ac亡e弱ion numbeT EU224271）w亡re（kriv亡d rrom  
pTeYiouslydes亡TibedplasmidspCH！Ki⊂and5’cHIXEGFP【35］by  
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